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PREFACE

In order to achieve the objectives of this project it is necessary
that the final technical report present, as accurately as possitle, the |
movemont through the atmosphere of the debris from Operetions BUSTER
and JANGLE and the distribution of the settled particles at the earth's
surfcie over the United States.

A tremendous mmber of reports were collected by seve.al ageucies,
and sany of these were in apparent contrediction of each other,
Interpretation required a study of the capabilities and handicaps of
the various collocting and measuring instrumerts and of the opsreting
procedurus, all of which are published elsewhsre and which would be
too voluminous to include except in summary forwm in this report.
Further information is available in reports issued by the agencies

x vhich developed and/or used the instruments. The interpretation also
involved a study of the complex meteorological processes which are
cortimally at work in the atmosphers, However the weather cbservation
network is not demse enough to provide the answors to all queestions.

Tabulated rav data are seldom interssting or informative, yet it
was felt that the repo.ts should be shown on charts, to convey better
than words the problems faced by the analysts, and mcre importantly,
to permit. those psrsons whose instruments were individually affected
in some way by the presence of debris to analyse their situations in
greater detail,

A minimm of routine meteorclogical description has been included,
since it adds litile Lo ths understanding and much to the buik of ihe
: report. Exceptions are made in those cases in which the meteorological
{ factors had peculiar effects on the transport of the debris and which
contribute information which may aid in the operation of the Atomic
Rnergy Detection System.

It should be noted by those who have occasion to convey information
' to the general public that the appendix to this repor: contains all the
' information on the distribution cZ particles at ground level and is
classified RESTRICTED when separated from the body of the report.
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ABSTRACT

The main portions of the Baker and Charlie clouds moved ~south-
westward to the Pacific Ocean and recurved t. spread over a larpge
portion of thw United States. The Dog and Basy clouds spresd south-
sastward over thea Southern siates. Both JANGL: clouwas moved north-
eastward and were dstected chiefly in the northern part of the
country,

The combination of vertical diffusion and fallout with variable
low-altitude winds produced broad bands of deposition at the surface,
Heaviest surface depositions were associated with precipitation,

The evidence suggest: that the particles were contained in reindrops.
The surface fallout-monitoring progrem yielded some results which
can not be adequately explained and differences were found in the
peasurements from the various types of sampling devices. ( Uncertainty
1+ the significance of tray and gumed maper results restrict the
usefulness of the data.' Unusually high activity st Klko resulted

from the channeling effeft of ‘e terrein on the lower level debris
in Nevada,
o,

t

It has conclud lative to the detection of foreigm
explosions, t under meteorflogical conditions similar toc those
during the Doj test, high windy and little shear, it would be possible
to fail to intyrcept an atomic cloud 1500 miles from the source with
routine flights every 48 or 24 hours. The shortcomings of meteoro-
logical trajectdory forecasts, even in regions of good data, were
demonstreted in the Underground test and some suggestions are made for

inproving ths lisison hetwean farecasters and operations personnsl.

ix
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CHAPTER 1

INTROIUCTION

1.1  OBECTIVE

During Operations BUSTER and JANGX seven atomic weapons were
detonated at the Atomic Energy Commineion Nevada Test Site, Project
7.1 vas undertaken to determine the distribution of the airborme
debris f~wa ths tests by meteorological analysis and by a study of data
from the detev.iion progrems. A knowledge of the distribntion of the
debris 18 useful in evaluating hasards to personnel and property, and
in pleoning operations Jfor the detection and location of foreign atomic
exp. Loas,

1.1.1  Hasard %0 Peregunel apd Property

The airborne particulate debris is trensported by the
horisontal wind, but also has vertical and horisontal msotione due to
a complex combination wind shear, eddy winds (tco involved to treat
nther than by turbulence considerstions), greviatiomal fallout, and
falling precipitation. Past axperience indicates that the dedris
maYy be carried to very gres:. distances and be deposited on the
ground in remote places, It appears that the amount of radiocactivity
which can be so deposited is far below human tolerence except in the
test area and in precipitation within a few hundred miles of the test
area. However, the presence of the particles in the air and on the
ground Ay ‘rtoct. sensitive inetruments and materials many thousands

1.1.2  Detection of Forelsn Bxplosions

The planmning of air &nd ground opsretions for the
detection of dedris from foreign atomic tests must be based on reliable
information of the charecteristice of atomic clouds and the way in
which these characterietice vary with weapon, tims, distance from tle
souros, and meteorvlogical ccnditions,

1.2 MISTORICAL BACKGROUND

Although the redioactive particles from the first atomic bomd at
Alamo gordo wers subsequently detected by the photographic industry in
paper samuiactured more than a thousand miles away from the burst,

1
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only mild intecest was devel. »d in tho atmospheric transpcrt of dabris
until Ope-ation 3ANDOTONE, when sircraft fitteu with high capacity
filteras picked up apprecisble quantities of fimsion products halfway
around the earth from the test site. The U.S. Weather Pureau made a
comparison of thess cloud location data with associated wind conditd ot
and found thet this disparsion occurred under normal tropical meteoro-
logical conditions, Some uncertainty existed, following SANDSTONE, as
to the eflects of the greater stability and wind shear of middle
latitudes on clord height and distance of transpert, but the results

of the cloud tracking etfort on Opsration RANGER” showed these clouds
to be proportionately high and equslly pe:-sistent and wide spread, Only
one to two duye were required for the debris from the Nevada Tast Site
to De carricd to the eastern U.3, where it was found in high concen-
tration at the levels sampled by aircraft and at the ground associated
with precipitation. Just two weeks were required for some dedris to
move ccmpletely arowd the world, RANGER particles were still faimtly
detectable in the atmcephere at the beginning of the UREENHOUSE tests,
two months later. Two cloude from Operation GREENHOUSE were the first
to penatrate the stratosphere., The upper portions of these were above
the cei inxs of irecking sircraft so that tne diapousxon of debrise
could not be determined except in a very gemerel way.’ In connsction
with this opareation, the Atomic Energy Commission estadblished a wamning
service for the manmufacturers of photogrephi. equipment, giving the
predioted diustribution of debris using cloud tracking information
provided by Headquarters USAF (AFOAT-1) and meteorological trajectories.
This warning service was alao set up for Opsrations DUSTER and JANGLX,
It was successful in that the areas covered by debrie approxizated the
predicted sroas, but the timing of tre arrival of debris from Opere‘i-_..
FEETACUSE w22 scmetimen in sarious arror due to the psucity of upper
air wind data in tho Pacific Ocean.

1 y,s, Weather Bureau, Scientific Services IMviston, Tracki.g of
Airvorne Radinsactive Material b Meteorological Methode, Heport

Mﬁ%ulm Vol. I1, Tab A, U, S. Adr Force, 1949.
. RESTRICTED DATA)

2 y, 8, Weather Bureau, Scientific Services Division, "isposition
of Atordc Debris Resuliing from Ojoration KANWwR, Fippl V, S, W, b,

Repory on Uperation WANG#K, 1 Lecember 1951. (ubLlIRT, HUSTRICTED DATA)

3 U, 3. Weathor Bureau, Scientific Services Division, report on the
meteorological aspects of Operstion (REENHUJSE (in preparation).
(SECRET, HESTRICTED DATA)
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1.3 CHARACTERISTICS OF ATCMIC CLOUDS

For the proper interpretation of the data to be presented, s
imowledgs of the impor.ant charecteristics of atomic clouds is
necessary, Initi=3lv an atomic cloud conaists of a long slender
"stem® capped by a broader "mushroom" top. Although appreciabls
amounts of debris are containsd in the stem, the great bulk of the
material is in the mushroom cap. The larger particles carried sloft
fall out shortly after the explosion. The haight to which the clowd
rises initially is governed primarily by the character of the burst
and the stability of the atmosphere.

The subsequen® sonfigurstion of the cloud is determined by such
factors as the sige distribution of the particles and the rate at
which they fall out, the nature of the wind field in which tho clowd
is imbedded, and the manner in which the cloud is diffused,

It is, of course, apparent that all of the particles in the
cloud will have some fall velocity. The larger particles will fall
to the grourd scon after the burst, while the smaller particles
wiil remain airborne for long periods. Knowledge of the sise distri-
bution and fall velocities of the particles is so incomplete thac
only qualitative estimates can be used,

Similarly, the phenomwenon of diffusion is difficult to treat
in a quantitative manner. It i3 evident that the ever-present
turbulent elements of the atmosphere will tend to diffuse the debris
in both vertical and horisontal directione, The extent of the dif-
fusion depends not only on the characteristics of the turbulent
eddies of tha atmosphere but Also on the Lime and space s8cals wwer
consideration., As the cloud grows, larger and larger eddies become
diffusing elements, so tha: the rate of growth increases,

The movement of the cloud is govermed by the wind field., The
trajectory of the primery cloud, that portion of the initial clcud
which moves approximately horisontally, unaffected by diffusion or
fallout, can be computed by conventional techniques from upper air
wind and pressure data., Such meteorvlogical trajectories are natu-
rally subject to error, particularly &t levels o1 reglons where
there are few upper air observations. In general over the United
States these errors average 1C percent to 20 percent of the length
»f the trajectory.

Horizontal and vertical wind shears coupled with fallout and
diffusion are very effective agents in promoting rapld horizontal
growth of the cloud. Although primary cloud movement and the
effects of shear can be determined quamtitatively, the complications




introduced by fallout and diffusion make it nocessary to use eapirical
techniques derived from studies of these and other atomic clowds in
determining the areas affested by the tests,




CHAPTER 2

SXPERIMENTAL PROCEDURE

2,1 INSTRUMENTATION

The cloud movement and position information presented in this
report is the result of meteorological znalysis, for which standard
weather, wind, and temperature data were used. confirmed and supple-
mented by cloud detection data, The initial tracking aircraft
employed somewhat different techniques in locating the cloud than
did the tracking aircraft operating at greater distances from the
Test Site. Still other methods were used to obtain measurements of
the vadiocactivity near the ground,

2.1.1 Ipitjal Tracking

Visual contact with the clo.a was maintained as long
as the dabris could be easily seen fom airplanes. Accurete visual
positioning was possible up to three to six hours after the detonmatican,
deperding on the wind shear and the amount of moisture cloud associated
with the debris, The eye was unable to outline the diffuse edges of
the material, and instruments were required to detine the horizszid
extent of diffusion,

Measureusnt of an increase in the small ion concen-
tratdon by the air conductivity method provided immediate indication
of flight through or near the debris, The equipment used is able to
detect radiocactive particles at a horisontal range of a mile or more,
permitting cloud trecking without aircraft contamination. Flight
through the debris, svan in low concentration, results in deposition
of particles in the instrument and on the skin and ongines of the
aircraft, sometimes raising the background so high that further
detection is difficult or impossibles. Operations were therefore
confined to outlining the sdges of the debris by flying just near
snough to obtain & low reading above btackground, The range of the
instrument permitted detection of debrias at altitdes several
thousand feet above and beluw the aircraft.

The acintillation counter has approximately the sams
detection range as the air conductivity equipment, ut is perhaps
too sensitive to chcnges of concentration for cloud tracking. It
provided an interesting and useful check on the other instruments,




Although uscd primarily for personnel safety, G-X
Monitors proved useful as detectors when the aircraft flew too close
to or into the debris.

Bach cloud tracker airplane was aquipned with the
standard C-1 foil for tho collaction of particles, and filters were
changsd at frequent intervals, but the results were not available
immediately and could be used only to confirm exisience of debris
in the flight path.

2.1.2 Distant Tracking

The trecking sirplanes utiliszed at greater distances
from the Test Sites were equipped with the air conductivity instrument,
a cadcade impactor, a G-M tube with a rete meter, and & scintillometer,
but all of thess were of secondary importance compared to the high-
capacity C-1 air filter. The C-1 foll contains twe filters, right
and left, cach having one square foot of exposed area, mounted so that
two indepe dent samples can be taken, The airfiow through each was
about 1000 cubic feet per minute for the filter melerial used,
Collection efficiency was over 90 percent for particles down to sub-
micron sise.

Normally filters were changed alternately every fifteen
ainutea, all..ing & thirty-minute exposure for each filter. When
markad changes in altitude were made, filters were changed more
frequently,

Mlters were counted at the air hasa after a minimum
waiting period of five houre, which allowed for some decay of
naturel redioactivity. In the taxt and figures of this report; all
counts pertaining to the long-range detection flights are those
cbtained at the counting time converted to a common base of counte
per xinute per half-hour axgosure, The conversion of these data to
absolute units depends upon the rate of sampling and therefors upon
the speed and altitude of the airplane, on the characteristics of
the particular bomb, and on the cha.acteristice of the counter.
However, an approximation of the disintegrations pé: minute per cubic
meter of air can be obtaineu by dividing ths counts per minute per
half-hour exposure by ninety. Thi-~ conrersion ‘actor, in some cases,
is in srror by a factor of twc or three,

2.1.3  Surface Sampling Equipment
For the detection and osampling of debris at the ground




- B

thres primciple items of equiment® were used.

A shallow tray having 8.75 square feet of surface was
mourted in in exposed position and kept wet with a frection of am inch
of water. A’iter axposure, the wate: -:as filtered and the filter was
ashed and countud, The process of ashing and counting wes also used
wvith a 1,1 square foot gusmed paper which was exposed nsar the ground,
A few of these gumed pspers were used to produce radiocautogrephs.

The third sampling device, used at only a few statioms
was the standard air-filtering equipment used by the Health and Safety
Division of the Atomic Energy Commission. It has a capacity of 20
cubic feet per minute through a four-inch #41 Whatman disc.

2.2 CFERATIOND

Satisfactory documentation of the history of dispersion of the
plllar of dust and bomd debris should have included simultanscus
measurements of concentration at &8 very great mmber of points
throughcut the cloud, repeated zt frequent intervels during the
petiod of its travel. This being economically imprectical, trecking
opsrations were designed around availatle aircreft and equipment.
The work fell naturelly into four separete operutions: determimation
of the initisl cloud diwensions; determimtion of the movement of
the clouds within a fer undred miles of the Site; determimation of
the cloud widih, and the concentretion of debris, primerily over the
ssstern part of the United States; and determination of the concen-
tration of fallout at the surface over the country. These gave a
few essential facts which could be used by the project meteorologists
to reconstruct an approximate history of cloud travel,

2.2.1 HNessursmt of Initia] Cloud Dimensions

The Air Weather Service Detachment at the Coatrol Poimt
determined the initial height ana width of significant portions of
the cloud, using a theodolite. Located at a knowm distance (10 to 15
ailes) frum Ground Zero, the instrument was smployed to odtain the
elevation and aximuth angles to each prominent cloud feature., Tri-
angulation, using appropriate corrections for cloud drift, gave the
heighte and widths,

Lu.s. At.uie &urg Cc_iuion, Mew York Opere‘ions Office, Badic-

.s:“ . N 2 .
mmmmum_nn NTO-1576, 28 Jamuary 1952,




2.2.2 Ipitis] Clrmd-Traciang ‘'pergytions

The Air Force Special Weapons Command’ with the aid of
aircraft and crews from the Air Weathar Service Weather Reconnaisancs
Squadrons, followed the debris by airborne instruments out {o a distance
of 500 miles from the Site or until it was suspected that the radiation
was no longer hasardous. Although three aircreft were available for
this opsration, only one or two were normally ured on a single cloud.
However, all three were umssd for the Essy cloud. One plane was in the
air near the 3ite for each detonation and followod the cloud visually,
Instrument trecking wae accomplished by circling the active resion,
making periodic turne toward the cloud until instruments indicated
above background, then turning away and proceeding to another position
on the cioud perimeter where the process was repesated. This succession
of point locations was radioed back to the Control Point where they
were plotted cn a control panel for the information of the Test Director
and Project personnel. The second and third planes were sometimes
called to relieve or sssist the first in the trecking opsretion. Al
no time did these aircraft measure the maximum activity of the clouds,
although the instruments occasionally deflected full scale. Euswp’ in
the JANGE serics, the maximum activity, the mushroom, was alwaye
ssveral thousand fazt above the opsrating altitude of the aircraft,
fifteen to twenty-five thousand feet. Thus, for BUSTER, the trecking
sirereft followed not the maximum activity of the cloud, nor the low
level debris which offered the greatest hazard to persons on tle ground,
nor usually even the core of the cloud st any single altitude (due to
the great sensitivity of the instrumenzs), but only the edge of the
fallout curtain which treiled below the higher portions of the cloud,
This obviously complicated the task of fitting the movement into that
indicated by meteorological trajectories, but was useful for outlining
the broad math of tha debrias.

The data obtained by the initial cloud-tracking operations
are not included in this report but are tabulatsd in the Technical Air
Operations Report, by the 3pecial Weapons Command; howsever, based on
these data maps were made showing the initial movemert of each of the
clouds and are shown in the appropriate sections of Chapter 3,

2.2.3 long-Bange Cloud-Trecking Operations

Tne 1009th Special Weapons Squadron, with the aid of
additional units from the Air Weather Service Reconnalssance 3quadrons,
conducted air sampling operations from Robins Air Force Base, Georgia,

5 USAF, Special weapons Command, Heport
far BISTER-JANGLE. (SECRKT, RESTRICTED DATA
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primarily along the 84th meridian, These flights are denoted by
code name LARK WILLIAM, The planes wers dispatched on the basis ¢
meteorological predictions of the cloud treajectory. These planes
passes through the cloud as it progressed across the meridian, bu
agein the mejor portion of the activity was usually above flight
altitude, and all flight altitudes we™e¢ well adove the surface.
fow flights, termed LARK BAKER SPECIAL and LARK CHARLIE SPECIAL,
wade southward and southwestward from Sacremento, Califormia, to
the clouds which moved in that direction.

All data obtained from these long-renge detection
flights are included in this report. Naps containing the data
each flight are included in Chapter 3 in the discussion of the
approfriate burst.

2.2.4 Hrface Sempling Operations

The AEC, New York Opereations Office, with the aid ¢
U.3. Weather Bureau, installed fallout trays and gammed papers at
stations in the United Stales for Operstion BUSTER, and 10 more fg
Opsretion JARAE, Ten of the original fifty were located near ti
8ith meridian and were equipped with high-volume air sssplers.
sampled were taken over & 2%-hour period. Samples were i
nearty ABC installations whers theqy were counted. These data ye
sssembled and tabulated at the AEC New York Opsrations Qffice.®
office also opsrated six xobile ground stations, and during BUSTE :
made a fow low-level filter flights along the 95th meridian. hn
personnel and portable squipment for the mobi s statiors were flow
locations predicted to be under the cloud of debris. These teems
exposed tn,n and gummed papers, umlh for 12-hour psriods, amd
Gutained shori saposwe air-Tiller samples Jduring ami aiter oe

of the airbome cloud.

The data from tha AEC-Weather Bureau network of
sonitoring stations are included in Appendix A of this report.
data from the mobile stations and the low-level flights have beea
used in the preparation of the report but in geasrel have mot b
included, These data are given in the New York Opsrations Office

Report.

6 y. s. Atomic Energy Commission, op. cit.




primarily along the 84tk meridian. These flights are denoted by the
code name LARK WILLIAM. The planes were dispatched om the basis of
wmeteorological predictions of the cloud trajectory. Tnese planes made
passes through the cloud as it progressed across the meridian, but here
again the major portion of the activity was usually above flight
altitude, and all flight altitudes were well above the surface. A

few flights, termed LARK BAKER SPECIAL and LARK CHARLIE SFECIAL, were
made southward and southwestward from Sacremento, Califormia, to cross
the cloude which moved in that direction.

All data obtained from these long-reange “etection
flights are included in this report. Maps containing the data from
each flight are included in Chapter 3 in the discussion of the
appropriate burst.

2.2.4 3Surface Sampling Overstions

The AEC, New York Operations Office, with the aid of the
U.S. Weather Bureau, installed fallout trays and gummed papers at 50
stat ons in the United Stales for Operation BUSTER, and 10 more for
Operetion JANGLE. Ten of ths origimal fifty werev located near the
8ikth meridian and were equipped with high-volume air samplers. All
sampley were taken over a 2h-hour period. Sssples were air-mailed to
nesrhy AEC installaticns whers thay werv counted. These data yere
sssemblea and tabulated at the AEC New York Operetions Office.® This
office also opsrated six mobile ground stations, and during BUSTAR,
sade a few low-level filter flights along the 95th meridian., The
personnel and portable equipment for the mobile statiors were flowm to
locations predicted to bs under the cloud of debris. These teams
axposed trays and gummed papers, usually for l2-hour periods, and

shtained shart swnosure air-filter samnlaes durins and after the pasacse

of the airbome cloud.

The data [rom the AEC-Weather Bureau network of fallout
monitoring stations are inciuded in Appendix A of this report. The
data from the mobile stations and the low-level flights have been
used in the preparetion of the report but in generel have not been
included. These data are given in the MNew York Operations Office

Report,

é U, 3. Atomic Bnergy Commission, 9p. cit.




DISTRIBUTION OF RADIOACTIVE DEBRiS

3.1 DUSTER ABLE
Detonation of this weapon occurred on a 100-foot tower at 1400
CCT 22 October 1951, at about 4300 feet above sea level.

3.1.1  Ipitdal Gloud Dimensions

Only six minutes were required for the BUSTIR Able
cloud to reach its maxisum height of 8000 fest above sea level, at
which time the base of the mushroom was at 6700 feet. As the cloud
moved eastward over and beyord the first range of hills additioml
lifting and settling occurred so that the height varied between
sbout 8000 feet and 10,000 feet. At aight minutes after detomation
the cloud width was 5100 feet. A thallow cloud of dust reaching a
haight of #hout 300 feet above the ground was reised near the tower.

3.1.2  lpitial Qloud Ireck

Deta and gamma activity was sc low in this clowd that
the trecking airplane was unahle to make any measurements., After
followdng it viezally - about an hour, long enough to determine
its indtial direcilon of motion with accuracy, the tracker returmed
to base.

3.1.3 long-Rapge Ciaud Path

There were no long-range detection flights, Figure
3.1 shows the trajectory of the top of the cloud, i.e., st 2000 ft
msl, Poaitions are shown at 6-hour intervals, and the iime 1is
indicated daily Jor the 0000 GCT position. This path was determined
entiresy from the obierved winds at levels nesr the top of the cloud,
"he aresés shc m in Figure 3.2 represent the approxmute distribution
of the materia. in the ugpss part of the clowd. ssy rrom 5000 to
20,000 feet, at 1300 GCT .n four sucieassi7e days bezlordr . 22 October
1951, 1iicusion, espec 1lly uver the Rocky Mountains, is assumed to
have spresd the cloud upward to about the 10,000-foot lev.l. It
shou.! be mmphasired that t>e arezs shown are only sprroximate since
they «re bijed on a meteoroleqical trejectory which is subject to
eiror, 804 ¢n an astimated rate of spresd,

1
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J.1.4 Distridution of Radiovsctive Debris at the Ground

Due to the absencs of detectable beia and gemua
radiations {rom tie debris of this cloud, no ground contaminati.n
is attributed to it. No messurements of possible alpha
contaminations were available.

3.2 BUSTER BAKR

Detonation of the weapon occurred at 1520 OCT 28 October 1951.
The weapon was dropped from an airplane and the detomation altitude
was determined to be 5400 feet mal (1100 feet above the ground).

J.2.1  Initial Clowd Dimeneions

The Baker cloud reached a maximum height of arout
31,700 fest mal in 15 minutes. The mushroon was braken up in riasing
the final few hundred feet and the reddish-browm bomb debris appeared
to exist in moderate concentration from 13,000 feet to the cloud top.
Below this height, any brownish debris was obscured by the thick gray
dust column. MNo ocbservatinns were made of =ushroom width,

3.2.2  lnitda) Qoud Treck

The movement of the debris toward the southwest is
illustreted in Mgure 3.3. Lines are shown, outlining the leading
odge of measuredlo rediocactivity at ons-hour intervals., The leading
edge was the highest portion of the cloud, since wind speeds iicreased
with altituds to above the top of the mushroom. As the airborne
instruments respond only to astavity within a couple of thcousand feet,
vertioally, and the eirplane was at about 20,000 feet, the progresaion
of the hdgher poriivns was detemined by visual observation and meteoro-
logiocal trajectories. The slower air flow at low altitudes resu.ted ‘n
a treiling of debris back almost to the Test 3ite. Nost of the dedbris
moved through the area indiocated, except the very lowsst portiomn of
the cloud, which was carried so slowly that it may have been subjected
to a somewhat different wind field before it raached the coast, Althowgh
this was the portion of the cloud which offered the greatest hasard to
persomel at ground level, it was not tracked. The tracking airplane
completely circled a portior of the cloud at 20,000 feet at 2030 GTT,
It {s proltable that this was the main clcud stem at and near this
altitude. The diameter of the slice was about 13 nautical mil.s,
reprasenting & mean rate of increase of the diameter, to that point,
of about three knots, This rete compares well with similar measure-
ments on other cloud .

13




3.2.3 Long-Range Cloud Path

The long-range trajectories for the Baker cloud are
shown in Figure 3.4, LEach trajectory represents the movement of the
primary cloud at a particular level. These trajectories are based
on meteorological data and on the results of the detection flights.
It can be seen th&t at 700 mb (approximately 10,000 feet) and at all
higher levels the primary cloud curved around the low pressure center
off the coast of Southern California before crossing the United States.
This low was nsarly stationary and was well developed to elevations
above the cloud top. Some of the material in the lowest few thousand
feet moved farther westward over the Pacific and did not retum to
the United States until many days later. Also, as 1s indicated by
the splitting of the 500-mb trajectory in the vicinity of the low
center, it is believed that some of the material at this and probably
at other levels remained within the cyclonic circulation for perhapse
another day before soving inland with the low center.

The plotting model for data from all long-range detection
flights is given in Figurs 3.5. The first flights pertinent to the
Baker clo'd were the two LARK BAKER flights shown in Pigures 3.6 and
3.7. The high activity, particularly that encouvntered on the first
¢f these flights, was probably due to fallout from higher levels.

The first LARK WILLIAN flight (Figure 3.8) detacted no activity above
background., The northern part of this flight was either just ahead
of, or mnre probably one or two thousand feet below, the fast-moving
upper portion of the cloud, The LARK WILLIAM flighte 2 and 3 (Migures
3.9 and 3,10) each made two passes through the debris from the Baker
cloud. These four passes through the cloud occurred within s four-
hour psriod and were all at different levels. At none of those levels,
from 10,000 to 25,000 feet, did the aircraft pass complotely through
the cloud. However, it is felt that the arva of highest activity was
intercepted at each of the levels, since the air just a few miles

Aawth AP tha tuvmine nadnta AP tha Fldhta had an w4 —\‘-1' AL S0
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trajectory than the air cortaining the rddioactive debris, There was
probably no rediocactive debris from this burst north of 43°N.

With the aid of detection data from the LARK WILLIAM
flights and meteorological trajectories at the standard isobaric
levels a time-altitude cross section (Figure 3,11) was drawn depicting
the axis of the cloud as it passed the 84th meridian. I addition to
the Baksr cloud the Charlie cloud (see Section 3.3) is shown, since
it reached the flight line short.y after the Saker clond. It should
be emphasised that this diagram st all times pertains to the latitude
where the higheost concentrations at the 84th meridian occurred. For
example, the cores of both clouds pussed the flight line initially
at around LOON, while th. highest concent:ations on the next day were
foand at around 35°N. In the figure the deteztion data is denoted
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only as to order of magnitude by the appropriate hatchiig. The circles
repreasent the primary cloud at the standard meteorological levels. The
heavy llne Joining the circles, ‘hen, repreasents the core of the cloud,
This core, at least in the layer through which the mushroom initially
extended, probably contained concentrations of more than 1,000,000 crm
r half-hour flight. Lines denoting a moderately high concentretion
10,000 cpm) and & concentration (200 cpm) above the gensral backg ound
pricr to the bursts are shown, Except in the vicinity of actusl
detection data these linss are only approximate. The concentvation in
the lowest few thousand feet was inferred from the data at higher
levels and especially from the AEC air filter data at the groum,
given in Appendix A, As will be discussed later the ground detection
was complicated by many factors and is hard to interpret, MNevertheless,
air filter stations near the flight line, particularly Cincinnati,
provided useful information. At this station there was an indication
of decreasing residual activity from the third Russian burst prior to
the arrival of the Baker material at the ground. Then, on the filter
exposed from Q750 GCT 1 November to 0640 GCT 2 November, a count of
570 d/m/meter’ was observed, showing the arrival at the ground of wvery
high concentrations of radiocactive debris sometime during that period.

Por the Baker burst and for the remaining bursts as well,
an attempt has been made to delineate the areas of rediocactive material
at several upper levels at or near which there were detection flights.
Figures 3.12-3.1; show maps of the wmaterial for 1800 GCT 31 Novembe-
at the 400-, 500- and 700-mb levels, respectively. Again isolines
for 10,000 cpm and for 200 cpa are shown. These areas were determined
by extrepolating detection data, by means of meteorological trejectories,
ahead or backward in time to 1800 GCT on the 3ist. MNeteoralogical
trejectories from the bhurst site and estimates of fallout and diffusion

wara ala. used in determining thess sreas of contsmination., ExSsip
near the flight line these areas mus: be considered as rough approxi-
matione only. The areas occupied by the Charlie cloud at this time

at the three levels are also shown.

3.2.4  Distribution of Badioactive Debris at the Ground

Debris from the Baker burst first appsars on the mp of
ground contamination for 29 October (Migure A.ll) ovar Califormla,
with & very high concentration at Santa Maria, which was very nearly
bensath the path of the cloud at moat upper levels. The contaminated
areas in the eastern part of the country and in the axtrsme Northwest
are from the third Ruseian burst and are generally associated with
reinfall,

On the next day, as shown in Figure A.12, the sample

collected at Topeka, Kansas, between 0800 GCT 30 October and OL00 GCT
31 Gctober represente about the farthest eastward position of the
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Baker detris at the growni. Tnhis debrin was undoubiedly brought down-
ward in the light precipitation that vccurred during the sampling
periud, Ths radicactivity found at stations east of the Mississippi
River waes verr probably from the Russian burst.

In Migure A.13, the map for 311 Octcber, the exact
differentiation of material from Baker, Charlie, and the Russian
burst is impossible, but it is probable that the belt oS high
concentrations in tho st pmitl of the country was due to a mixture
of debris from the Baker and Ruscian bursts, while that in the centrul
and western parts represented a mixture of material from Baker and
Charlie. The surface distribution on this day corresponded qui .e
well to the distribution at the 700-mb level, shown in Plgure 3. 14.

On the lst and 2nd of Muvembor many areas of high
concentration were reported, but, agein, the material cculd not be
identified ss to burst.

3.3 m 'GL“L!E

The third weapon of this series, an air drop, was detonated at
about 5400 Jeet msl (1100 feet aluve the ground) at 1500 GCT 30
October 1951,

3.3.1 1pitia] Cloud Dimepsions

The cloud reached 12,000 feet above the surface in ome
minute snd climbed to its waximum altitude in less than 12 minutees.
The pushrocm spread so rapidly ani the cloud moved so nearly over
the theodolite that it was imnossibls ¢ deleimine the haight sccurately.
The beat esitimaie from s11 of the data seems tc be about 41,000 feet
for the top and 27,000 fcst {ui Liie vase of Lhe mushroom, Kleven
minutes after the explosion, the width of the mushroom was about 15,000
feet. A column of dust and debrir trailed down to the surface, and
this became distorted by the wind shear,

3.3.2  ]Initdsl Gloud Track

Figure 31.15 shows the cutline of the cloud at one-hour
intervals, as determined by aircraft data and meteorological
trajectories, An unusual wind condition existed over the test area
at and following detomation time, 1\ deep low jressure system lay
off the cosst near %an Diego with 4 very marked trough ur shear line
sxtending from thir jowmortheastward across Southern Nevada, This
trough lay to the nortivest of th. Test Site from the surface to




12,000 feet and tc the southeast of the 5ite from 13,000 to 35,000
feet. This situaticn gave southwest winds in the lower levels amd
northeast winds above. Thus, the main part of the debris was carried
southwestward, with a maximum apeea of 32 knots at 26,000 feet. .aibove
36,000 feet, the shear lins was again northwest of the Site so that
the top of the cloud moved toward the northeast., For two hours after
the burst the visible cloud was a spiral, originating at the Site,
where & near calm existed nesr the ground. This spiral is shown in
Figure 3.15 by the isochrones for 1600 wnd 1700 GCT. The highest
part of the cloud could not be tracked afier it was no longer visible,
It and the lowest part were tracked for only about three hours. The
first flight to track the cloud southweat of the Site aborted after
4-1/2 hours and the second tracker was umble to make its way around
the cloud to track the ferward portion, The leading edge after five
hours therefore must be considered only approximate. The dotted limes
show the trailing edge of activily in ths neighborhood of the flight
altitude, 2C,007 feet, as determined by the seccnd tracker.

3.3.3 long-Range Cloud Path

The path of the Charlie cloud at intermediate levels,
from 13,000 feet to 36,000 feet, was fairly similar to that cf the
Baker cloud in that 1t first had a southwestward course bafare
heading eastward. However, as indicated in the discussior of the
inftia) cloud charactsristics, the top of the cloud and «iso the
lowest part soved with an eastward component from the start. The
trajectories for thia cloud are shown in Figure 3.1¢,

only background activity off the coast of Southern Califormia.

This indicates that at flight levels uncontaminated air had moved
in behind the low center, which was moving northeastward. The first
detection of the Charlie cloud along the 84th meridian was made at
20,000 feet on the southbound leg of LARK WIILIAM FCUR, shown in
Figure 3.18, The 10,000-foot legs of this flight detected moderate
concentrations of radiocactive debris which might have been from ths
Charlie cloud but which were more probat.y fruom the Baker cloud. The
20,000~foot detection on this flight occurred through a fairly broad
belt with two peaks of more than 100,000 cpm. This double maxmum
is quite different from the narrower, sirgle peak of activity foumd
for the Baker cioud.

The LARK CHARLIR SPECTATL ﬂight’ F‘\_gl_lr- 3-1"7' ah.oer

The different paths followed by the debris at the 300-mb
level and at the 400-mb level, as shown in Figure 3.16 suggest the
anation of the dovhle maximum. The 3100-mb trajectory crossea the
flight line at L3°N, not fer from the northern peak activity. Probably
this peak was caused by debris, originally above the 300-mb level, which
moved along & path asimilar to trat of the 0C-mb trajectory until it
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had been carried farther tc uhe north than the lower-level detrie, If
this material had & gradual downwerd motion, bringing it to the 20,000-
foot level near the {light line, it could account for the northern
peak in activity.

The =suthern maxjimum occurred near the intersection of the
LOO~-mb trajectory with the flight line anc only a few houra after Lhe
primary cloud at this level had passed, Thus thi: activity can be
attributed to a primary cloud for the 20,000-foot level or, better, to
material that had fallen only a few thousand feet before reaching the
flight 1ine, This is an excellent example of the spreading of a
contaminent in the aimosphere by the comhined effecta of the wind shear
with height, and vertical motions.

The passaye of the cors of the Chs 1ie cloud at the 84th
meridian i1s shown with the Baker cloud in Figure 3.11. As with the
Baker cloud, the inferred times of passage of the primary cloud at
various levels and the nature of the fallout curtain seem reasonable,
Data from the LARK WILLIAM FIVE flight (Figure 3.19) show that fairly
strong concentrations of material occurred at least in the layer from
5,000 to 15,000 f wt, This debris is probably from the Charlie clocud,
but could be a mixture cf material from Baker and Charlie. Similar
concentrations were found in these levels on the initial ~limb of the
LARK WILLIAM SIX flight, shown in Figure 3.25 with the discussion of
he Dog cloud.

Figures 3.20, 3.21 and 2.22 depict the areas ccvered by
the Charlie and other clouds at 4LOO, 500, and 700 ®mb at 1800 GCT 1
Novem™er., The considerebls extent of moderately high concentrations
from tbe Charlie cloud 1s perhaps more apparent on these figures than
on ths =aps of ihe individual deteciion {flights, This emresading stems
from the large difference in the wind speeds and directions at various
levels, shown by the spread of the trajectories, coupled with vertical
diffusion and fallout. Lateral diffusion at a particular level would
not. result in a spreading of this magnitude,

3.3.4 Distribution of Radioactive Debris at the Ground

Certainly much of the mrterial collected at the ground
during the week following this burst was from the Charlie cloud, but
the prosonce of debris frow cthar birsts made il impossible to
attribute any individual sample to s perticular ourst, A furtler
discussion of the mixing of debris from Baker, Cnarlie, amt Dog clouds
is given in 3.4.4.
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3.4 BUSTER DOG

Detonation of the fourth BUSTER weapon occurred at 1530 GCT 1
November 1951. The weapon - "~ dropped from an airplane and exploded
at 5600 feet msl (1400 feet suove the ground).

3.4.1 Initial Cloud Dimensions

The cloud reached a maximum height of 46,000 feet with
the base of the mushroom at 31,000 feet msl, A reddish-brown column,
sssumed to be largely bomb debris, was observed from 17,000 feet to
the mushroom, The part of the cloud origliz.lly ir the mushroom was
rapidly stretched out by the wina shear through that layer, so that
it was 12 nautical miles long 16 minutes after the axplosion,

3&‘0.2 _I_m CLO\A m

Analysis of the cloud poaition reports and of wind data
over the area covered by the cloud made it possible to reconstruct
the progression of the cloud at one-hour intervals for nine hours,
as showa in Figurs 3.23. The topmost part of the clowd moved socuth-
eastward and then sastwerd at an avercge speed of 75 knots, passing
over Alssogordo, New Mexico, 7~1/2 hours “ter detonation. This
porcion was too high to be tracked by air. .ft instruments, but the
meteorologicsl trejectory was quits well established. The portions
at roughly 25,000 to 30,000 fest followed the same path but at slower
speeds. The 15,000~ to 20,000-foot layer moved southeastward and
continued in that direction. The tracking aircraft remained at
20,000 feet and provided an outline of the cloud at that altitude.
The norihern {and higher) mart of the coliumn was widened by fallout
from the mushroom, but the southern part was not enlarged &xcspt by
the effects of directional shear and diffusion. The increase in
diameter, measured front to back, may be considered due to diffusion
alone, and represents a mean rate of growth of the diameter of sbowt
three knots.

3.4.3 Long-Range Cloud Path

Figure 3.24 shows the trejectories of the primary cloud
at the indicated isobaric surfaces., It 1s seen that at the upper
levels, 500 mb and above, the portions of the cloud moved along
epproximately the same paith with high speeds, fanning out only after
reaching the easterd purt of the United States. The lower-level,
slower part of the primary cloud, on the other hand, moved farther
south and passed over the Gulf of Mexico.
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The coacentrations of radiosctive debris detected on the
alrcraft flights along the 84th merician are shown in Figures 3.25 -
3.28. The high activity at 25,000 feet shown in Figure 2.25 can be
positively associated with the Dog cloud, '

Figure 3.29 is a time cross section for the Dog cloud of
debris similar to Figure 3.11. It is seen that the duration of the
passage of the iebris at 20,000 feet and above ic relatively short.
This results, primarily, from the high speed and the directness of the
movement of the upper portions of the cloud from the test area to the
sl.th meridian.

Figures 3.30, 3.31, and 3.32 outline the debris at 400
mb, 500 mb, and 700 mb, respectively. These .igures, together with
Figures 3.12-3,14 and 3.20-3.22, show the positions of the Baker,
Charlie, and Dog cloude at the same three levels at 1800 GCT on three
successive days. Of interest in the area delineations for the Dog
cloud is the tilt of the core southwestward from 400 mt to 500 mb and
the tremeundous in-rease in the area of contamination as the elevation
decreases. The presence of the debris from the Baker and Charlie
clouds at 700 mb is also evident.

3.4.4 Distribution of Radioactive Debris at the Ground

Figure 3.33 shows the position of the primary clouds
of the Baker, Charlie, and Dog debris at 1800 GCT 2 November 1952
as obtained from Pigures 3.4, 3.16, and 3.24. The lower portion of
each cloud (below 700 mb) could not be followed reliably by meteoro-
logical techniques but probably trailed off to the west as suggested
by the dashed line., Diffusion and fallout muast have extended the
arsa covsrad by each cloud in the lower levels a ~onsideravie
distance on each side of the uvore, This figure, together with
Figures 3.29 and 3.32, shows that 1t is dirficult, if not impossible,
to dlstinguish the Baker, Charlie, and Dog debris at levels below
about 10,000 feet over much of the scuthern and eastern United States,
It is thus apparent chat most of the radicactivity measured at the
ground during this period (about 1-4 November) cannot reliably be
attributed to a particnis; burst,

3.5 DUSTER EASY
The detonation of the atomic weapon for DUSTER Easy occurred at

1630 T, & November 1951. It was exnloded at about 5500 feet msl
(1300 feet above the ground),
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3.5.1 Initial Cioud Cimensions

A theodolite located st Nellis Air Force Base for
observation of this cleud provided & ielisble report of 50,000 fest
{yr the maxdmum cloud altitude. The cloud reached this elevation
12 minutes after burst time and was very nesarly over the Control
Point by the time it stopped rising. An almost complete separation
of the mushroom fraom the stem occurred, with the btase of the mushroom
at about 35,000 feet and the top of the stem at about 20,000 feet.

A tenuous dust veil connected the stem to the mushrooa.

3.5.2  Initjal Clowd Trrek

At the time of ° 1ls explosion, north-northeasterly
winds existed over .he Test :'ite from the surface up to 12,000 feet,
changing with altitude to northerly and northwesterly above 16,000
feot. The main portion of ths bomb debris, the mushroom, moved
aouth-southeastward, turning toward the sast-southeast after 50 to
150 miles. The debris in the lower stem fannsd out toward the south
and eouthwest and was tr.cked for only four nours. The cloud outlines
in PMgure 3.34 are given at one-hour intervals for seven hours. The
analysis is based on wind data and on radiological ireconnaissance
flights that intercepted no redicactive debris ahead of the eatimated
positions, thereby delineating the forward limit of the clowud.

Tracking airplanes were not able to fly high enough to
saapls the mushroom portion of the cloud, but they wers able to
follow the upper portion of the dust cloud and the fallout curtain
from the high-level material. At about 2200 GCT one aircrafi en-
circled a portion of the cloud at 18,000 feet, It was concluded, from
the low activity encountered and from the position, that most of the
particlas in thia cloud had fallen or diffused downwerd froa ths

mushroom.

3.5.3 long-Range Cloud Path

M gure 3.35 shows the meteorvlogical trajectories in
connection with this test. The debris helow 20,000 feet curved
clockwise over California before moving eastward, The path of this
material is illustrated by the 700- (nd 500-mb trajecteries. The
path of the high-level material is illustrated by the 400, 300, 200
and 150-mb trejectories,

A great deai of the atmosphere over the United States

north of 30°N was contaminated yp to at least 25,000 feet by previous
bursts. A4s a result, material that storted from the Test Site below

52




20,000 fert became mixed with older debris. Therefore, the LARK
WILLIAM flights that intercepted this material also intercepted the
trailing materisl from earlisr clouds, and it is not porsible to
distinguish the leading edge of the Esusy cloud. The portion of the
cloud that started sastward above 20,000 fest, howaver, remained sovth
of the ares of earlier contamination and was clearly delinsated by the
LARK WILLIAM flights from 7-11 November 1951 (Figures 3.36-3.43).
Since the cloud that moved along the Qulf coast was initially above
20,000 feet, any aaterial collected at lower ulti..les wes from the
fallout cwurtain,

Figure 3.44 is & time cross section of the core of the
Raay cloud as it passed the B4th wmeridian, constructed in the same
manner as the time sections for the earlier clouds (Pigures 3.11 and
3.29). The position of the debris intercepted at 25,000 feet on
1200 OCT and 1500 GCT, 7 November is in excellent agreenent with the
metoordlogiosl trajectory for this level, so it is probahble that some
of this material moved essantially at that level from the burst s te.
At the same time, a certain amount of thie material moved vertically
from adjacent leve s but for two reascus the amount of material from
other levels is believed Lo have been mmall,

Firest, experience wvdith other test clouds indicates that
the great length at any given level is due to dedbris moving at various
altitudey (end therefore at different speeds) and subsequently moving
%0 a common altitude. Had large smounts of debris from other levels
moved to the 25,000-foot level, the cloud would probably have been
:Axoh longer and ocould not have passed the &4th meridian in five to

hours,

Second, the earliest interception at 25,000 feet
(PMigure 3,37) showsd no activity greater than 8000 cpm per half hcur
filter in spite of the fact that a high level of rediosciiviiy can
be produwced by fallowt alone (see, for example, the discussion of
the BUSTER Charlie cloud in connection with Pigure 3,21). This ie
oonsistent with the small amount of material that initially started
sastward between 20,000 and 315,000 feet.

It will be noted that after the absence of debris at

25,000 feet at 1800 and 2200 OCT of the 7th, material was agein inter-
cepted after 0200 OCT of the 8th, This debris must have started at
high elovations, but descended below 25,000 fest and traveled for a
conaiderable period before being again carried aloft to the 25,000-foot
level. Such a path must be asaumed for this debris since po combination
of the winds observed in the troposphere above 30,000 feet during the
g.rlod of travel yielus an average speed as low as that of this material,

slower wind speeds obcerved in the lower levels of the atmosphere
would account for the delay in arrival at the 8i4th meridian, For this




reason, we must conclude that debris collected at 25,000 feet early om
the 8th was bslow 25,200 fest luring “he ™th. Large smounts of

materisal, then, wmust have paseed down through tha 25,000-foot level,
porhaps over Texas and New Mexico. Over the Qulf of Merxrioo verticai
motions carried the material up to 25,000 feet where it was inmtercepted.
This treiling cloud was wider than the cloud that was firet intercepted,
as wuld be supected from conciderstions of wind shear and eddy diffusion.

At the time the fallout curtain was intercepted at 10,000
feet (2000 GCT 7 NMovember), there was sufficient directiomal shear in the
winds below 20,000 feet to permit an estimate of the maximm time consumed
in the vertical trensport of this materisl, The LARK WILLIAM flights
1llustrated in Figures 3.37 and 3.38 indicate that the southern edge of
the cloud at 10,000 feet was no more than 60 nautical miles south of
the southern edge of the clowd at 25,000 feet. The veloocity component
from the north in the 15,000-foot layer under cansideretion was approxi-
sately 7 knote (averaged over either six hours or 12 hours), so it is
probable that the material was below 25,000 feet & maximumm of 10 to
12 hours before it was intercepted by the filter flights., This time
requires a msan vertical .rensport of 21 to 2% f¢ ot/minute. It shodd
be pointed out that this rough estimate gives a r.nimwm rete of
vertical transport. The data are not sufficiently accurate to estimate
& msaxisnm rete, nor is there any indication as to whether this vertical
trangport affected the bulk of the material or only & small percentage
of the material.

At 15,000 feet the LARK WILLIAX flight 13 (Figure 3.39)
intercepted debris of high activity at 25°N, Debris at 15,000 feet
oould have arrived at this low latitude at that time only by moving
consistently down froa 20,000 =r 25,000 feet since burst tiss. This
correspoixic to a net vertical trensport of less than three feet per
minute.

Mgures 3.45, 3.46 and 3.47 illustrate the distribution
of redicactive debris st various altitudes and times, PFigure 3.45
represents the Basy cloud at 25,000 feet ac of 1800 OCT 7 Movember
1951, as wall as some debris from earlisr tests. It should again be
enphasised that cloud arecs extrapolated very far from the flight lime
must be regarded as crude approximations. The 25,000-foot areas shomn
in Mgure 3,45 are a case in point, The uncontaminated aresa at
25,000 feet immedistely west of the cloud, shown at 80°W., has been
discuseed in connection with the time cross sedtion. As was mentioned,
it appears reasonable that at 1800 GCT of the Tth the debris west of
the &4th meridian was beslow 25,000 feet and for that reason Figu=e
3.45 shows only one area of debris from the Raay cloud, although it
is possible the Basy cloud was st 25,000 feet over the Texas Oulf
Coast.
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The area of contamination northweest of the EBasy cloud
was ovidently divided into two brénches by a narrow jet of high winds.
Wind speeis in ihw arses lahellad "Activity from ear]lier burst™ in
Pigure 3.45 wers approximately 50 knots at that time, while in the
un:ontaminated strip wind speeds exceeaded 100 knots,

Figure 3.46 showa the cloud snepe at 700 mb as of 1800
GCT 7 November 1951. No doubt contamination from earlier bursts lay
north of this cloud but no filter data are avuilable to indicate if
there wvas g definite separation from the Easy material as at upper
levels. The smell core of gieat activity shown at 90°W was discussed
in connection with Pigure 3.44. This 700-mb cloud was composed of
debris that diffused laterally as it moved downward from higher levels,

Figure 3.47 represents the cloud at 25,000 feet as of
1800 GCT 8 November 1951, A dashed line representing the path of a
constant-level balloon is also shown and is discussed below,

The paramount fsature of this figure is the comparatively
narrov cloud of mat rial from the Easy hurst, separated from the
activity to the north. The mth of the Easy cloud was nearly west
to east for over 1000 miles whils much of the residual debris located
30° to 35°N came from much higher latitudes. The confluense of these
two streams of air is urmistakable because we have, fortuitou-ly,
independent tracers in these twe currents. The Easy cloud marks the
southern air current while a constant-level balloon floating at 30,000
feet marked the northern stream.® It had been launched at Minnsapolis
on the 7th and crossed the 84th meridian midway between the times of
Fgura 3.45 and 3.47.

The uncuntaminated area between the Easy cloud and the
material to the north, was the axis of the jet of high winds discussed
in connection with Mgure 3.45.

# This balloon flight was number 645, launched from the University of
Minnesota airport on 1913 GCT 7 Nuveaber 1951, This fligh. at
30,000 fest was one of the regular balloons in the General Mills
program and had no actual connection with the BUSTER tosts. This
trajectory is included on this figure because it is a verified
flight path (aircraft-trecksd) that is representative of part of
the debris from earliour tests,
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3.5.4 Listribution of Radioactive Debris at the Groumd

Al inspection of Figure 3.35 will show that the upper
lovel trejectories cairied the Kamy debris along the routherm limit
of “he surface monitoring network. Since no southerly winds existed
in che lower 20,000 to 2C,0C0 feet, the only stationa that could
have collected material from the Basy burst are D¢l Rio and Corpus
Christi, Texas, and Tampe, Florida. o precipitation cccurred at
the time the high-level sloud passed overhead, so if any material
was collected at the surface, it was brought dowm by turbalent
diffusion and gravitational settling.

The trey sempls at Del Rio taken from 1845 GCT 5
dlovembor o 1845 GCT 6 November 1951 showad a significant increrse
of activity (Figure A.19). Since all upper level portions of the
Esay ciowi had passed overhead befor: the end of ithat sampling
pericd, it would seem logical vo associate this activity with the
Eary cloud. Examination of the meteorological evidencs indicates
that this is not correct. Much of the air of the .ower atmosphere
north of this station was cc..taminated by earlier tests. On 2300
GCT 5 November a told front paceed Del Rio and the air frum the
north pusheu sout'mard over the Koxicen border. The increase of
activity that occurred as ths air pushed deownt from the contaminsted
area suggastt very strongly that the increased activity was due to
residusl debris froa other test: rathor than fallout from & clomd
passing far overhed. Thi date from Corpus Christi are smbiguous
because the aciivity on the tray incressed fivm tha 6th to the Tth
but at the sime time the activity on the gummed papesr decreased.

It can only be steted that in generel the dets from Del
Rio and Corpus Christi suggest thit the semples collected on tha éth
and 7th were not debris from the kesy ¢. .

The tray camples colliected at Tompa, Florids during the
pericd fror (-15 November 19051 (Figure~ 4.20 - 4.28) did nct show any
signifiocant increasm of activity svon though *his station was in the
most favorable pomition to collect fallout. It appeavs that no
surfece ssmples of debris ware chtained from the Rasy buret., Po
doubt material from this burai mixed with the material from other
bursts and we subsequently ~ollacted at the surf~-u it ¢ caanon
be separated and idantl Mad,

3.6 JANGLY SURFAR

T™he Jurfac. dotommticn accurred at 1700 OCT 19 Rovwbesyr 1951,



3.61 Initial Cloud Dimensions

The cloud moved ncrtheastward, away from the theodolite,
s0 that reliable reports of clcud helght were easily obtained. A
maximum haight of 15,000 feet mal was reached in 4 minutes and 45
seconds. The base ¢f the primary mushroom was 11,000 fset. A secomd
mushroom, composed of surface dust in ap air curreat which was heatd
by the hot crater, formed and its tup reached a luvel jusi beneath the
base of the first mushrocom. In & minute or two difiusion had closed
the gap betwmen them, but th: rosy-colored upper mushrcom resained
daistinctly separated from the lowsr, prayish-white mushroom. Directional
wind shear carried the rosy top to the north-rortheast and the lower
part directly northward, The clouds were observed to rise and fall as
they drifted over the first ridge of hills., During the period of
observation the upper mushroom grew from 4900 feet in diaxster ¢ minutes
after the burst, to 9100 feet after 11 mindtes; to 12,400 Jeet after 16
minutes; and to 14,400 feet after 21 minutes.

3.6.2 1Ipjtial Cloud Traczk

‘The topmost portion of the cloud was tracked dir.ctly
over Great Salt Lake, Figure 3..45, while the lower portions followed
valleys toward the north. Further prugress of tnis low level cloud
ic glven in Section 3.6.4.

3.6.3 long-Range Cloyd Path

lLong-rangs trajectories of the prinmary cloud from the
Surface burst are showt in Figure 3,49 for the gradisnt wind level
(2,000~3,000 feet above the surface), the 700-mb level (10,000 feet
mal), and the 14,000-foot sl level. (Details of the distributaon ot
rediocaciivity associated wath the gradient level trajectory will be
discusged in Seciion 3.0.4) (Figures 3,50 1,58) The two higher
trajectories are based (n data from the LARX WILLIAM flights 17-21
{Mgures :.50-3.58) ar! on the meteorological trajectory from the burst
aite, At the lime of the burst, A ridge of high pressure sxtended from
Bevw Marxico nortawerd anto Canada, and produced southwesteriy winds
atovy 10,000 feet over Nevada, As the debris frum the upper mushroce
woved northeastward, the ridge moved s2astward rather rapidly so tha+
the primary cloud continued on a northeastward course,

It 1s probable, however, that some of the Liffuse

~gptarial actually travalled with s speed same 5-10 psrcent greater

than that of the primary clcud at li,XA) ft, passed the ridge line,
and moved southward before crossing the 24th meridian. Sucth a movement
accounts foyr the sctivity encountered on the LAKK w{LLIAM 17 1) 4ignt




{(Figure 2.50) at 39°N; 8LOW on 21 November at C415-0445 GCT. A decay
curve made by the AEC NYOU? identified thi, raterisl as debris from the
Surfacs burst,

Mgures 3,5y and 3,60 show estimates of the comaminated
areas at 14,000 feet and 700 mb, respectively, at 1300 GCT 21 November
1951. 1In both fipures, the delinsation of the core of the cloud and
of the activity in the vicinity of 8,°W is fairly well fixed by LARK
WILLIAM flights 17-21 (Figures 3.50-3,58). However, the delineation
of activity in the leading and trailing portions of the cloud is
subject %o considerable doubt since no measurements of activity were
made in these regions. The tongue of cuntamination reaching southwerd
over th- Zastern States was Surface debris which moved ahead of the
primery cloud and curved southward. The material indicated south of
the (reat Lukes ana in the Mississippi Valley was undoubtedly coatami-
netion from evarlier bursts. Delinesation of the southern bocundary of
the debris in the sculawest arnd west is very uncortain; the northwest
bourdary is draw to coincide with a marked wind shear in advance of
an outllow of presumably unco.utaminated air from the northwsat.

3.6.4 Distravution of Radioactive Debris at the Ground

The movewent of the low-level debris from the Surface
burst vas dominated, during the six to twalve hours following the
burst, by the relatively strong south winds associated with a high
pressure call centered over northwestern Colorsdo. The iower mush-
rocm mowad almoat directly northward through the north-south val leys
whitch are & topographic “eature of the region.

Although metecrological observations are non-existent
in the immediate area frcm the Test Site northward to Elko, Hevads,
it is possible to —econstruct the probable path of the low-level
debris by conaidering the topography, the few near-by meteorological
observations availabie, and the mobile ﬂlloux mcnitoring by the
team from the AEC New Yurk Cperations Office.®

For the Surface burst, mobile rround stations were
established at Wendover, Delta, and Galt Lake City, Utah, at Burley
and Idaho Falls, Idaho, and at Elkc. Nevada., The filters on the dust
saaplsrs were generally changed at f{rejuent enocugh intervals to show
the time of first arrival and of maximum activity, within nurrow limits,

7 ibit. p. 59

8 ibid. pp. w2-47




Pigurs 3.61 shows the locations af the motile stations,
as well as some of the Weather Bureau stations uzed in the routine
fallout momitoring program, and gives the reconstructed path of the
detris at the gradient level. Shown at each of the mobile atations
with significant activity is the concentration (d/m/meter3, extrapolated
to the time of colle:tion) found on the most active dust filter, and
the time at which the observation was made,

At. Elko, the firast sample taken contained the greatest
activity found on any of the filters, indicating that debrios arrived
at this station before the sampling began. However, the great activity
found on the first filter and a -onsideration of the gradient wind
pattemn, melkes it likely that this filter w:s expcsed very near the
time of miximum activity., A mean wind ol about 35 knots would have
been necesmary to transport debris tc Elko hy the time of the first
sample. Although somewhat lighter winds existed near the Test Site,
there is evidence that higher wind speeds exisied to the north, The
channeling sffect of the north-south ridges also serves to lncrease the
wipd spead in the valle-s betwsen the Test Site and Klko.

From Klko, the gradient winds indicated a trajectory
pessing northward over Boise, Idaho, and then northwestward to the
Columbia River Valley, vhers the winds became light and variable.

Fallout monitoring detscted high activity at Boise froa
21 to 27 Bovember and moderately high activity at Pendleton, Oregon,
on the 21st and 22nd (Pigures A.3L and 4.35). The persistence of
debris in the vicinity of Boise can be attributed to the light,
variahla surface winds which existed thrughout the period.

The absence cof activity in the mobile observations at
Delta and Salt lake City ir a result of discontinuing the observation
before the arrival of the debris. For example, at Salt Laks City,
operations continued only until 1600 OCT, 20 lovember, and showed no
significant activity. However, the rcutine fallout monitoring at
tha Salt Lake City Yeather Bureau station shows increased activity
during the two succeeding 2L-hour periods.

In addition to the area of persistent activity near the
ground in the vicinity of Boira. another area of pronounced activity
oceurred in the eastern Dakotas, Nebraska. and western Minnesota on
21 November {Pigure A.3L). Although bect defined on the 21lst, this
ares of high activity can be followed as it moved eastward to the
coast on the 22nd snd 23rd (Figures A.35 and A,26), An interesting
feature of this activity is that the surface weather map indicated
an outbreak of fresh polar continent:l & v from northern Cansda
vhich would be expected to be uncontamir ted. At 1830 GCT on the

3
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Pig. 3.50 LARK WILLIAK 18, 21-22 November 1951 - Jorthbound
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Fig. 3.53 LARK WILLIAM 19, 21-22 November 1951  Northbouxd




n‘. 354

LARK WILLIAM 19, 21-.2 November 1951 - Sowthbound




Mg, 3.55

LARK WILLIAM 20, 21-22 Novawber 1951 - Northbound

81




Fig. 3.56 LARK WILLIAM 20, 21-22 Novamber 1951 - Southbo'ind
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Fig. 3.57 LARK WILLIAM 21, 22 Noveaber i951 - Northbound



Fig. 3.58  LARK wWILLIAM 21, 22 November 1951 - Soutlbound
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21st, the leading edge of the polar air extended from the western tip
of Lake Saperior southwestward to Omaha, Nebraska, and then westward
through centrel Nebraska, slightly in advance >f the region of mxiwmm
activity indicated in Pigure A.34. Since no precipitation of any
consequence occurred during the sampling period at stations in this
area, much material must have been carried downward in the turbulent
sone associated with the cold front.

3.7  JANGLE NDERGROUND
The Underground explosion occurred at 2000 OCT 29 November 1951.

3.7.1 Injtial Cloud Dimensjions

The top of the cloud columm had apparently stabilised
at 10,300 feet msl at 4-1/2 minutes, but two minutes later a small
projection formed on top of the cloud, adding 200 feet to the height.
Sebsequent rising and falling occurred as the cloud moved over the
ridges to the northeast,

3.7.2 Initjal Cloud Treck

The limited height of this cloud was not sufficient to
expose it to very strong winds, so that its movement was much slower
than that of previous clouds, One trecking ai—plane was able to make
numerous checks of the edges of the upper cloud, ylelding a very accurete
cloud path for the short psriod of operation as shown in Pigure 3.62.
The lower cloud hung back and the treiling edge remained at or near the
detonation point for seversl hours before moving slowly northward, When
the nocturnal drainage current reestablished itself, some of this debris
moved back southward over the Control Point and camp areas,

3.7.3 long-Range Cloud Path

A trajectory of the Underground cloud at the 700-md level
is shown ia Mgure 3.63. Also shown is the approximate path taken by
the debris in the lower levels. Th's lower-level trajectory will be
consddered in Section 3.7.4.

The only long-range detection flight to intercept this
cloud wes LARK WILLIAM 22, <hown in Pigures 3.64 and 3.65. This flight
was dispatched to determine whether or not the cloud passed over the
Rocky Mountains, and it sncountered moderately strong activity, arrumd
40,000 opz, near Rapid City, South Dakota, which can, wdthout quesiion,
be attributed to the Underground cloud.




The forecaat that led to this flight was thus a correct
one, but the forecasting for additional detection of this cloud was less
fortunata, Four other flights, shown in Figures 3.66-3.72, were made
along the 84th meridian but were not sivccessful in detecting the cloud.
Apparently the debris passed well north of the latitudes covered by the

n’.@l‘..

3.7.4 Distributicn of Radioactive Debris at the Ground

e New York Operations Office, A.B.C., established
special mcbile monitoring stations for the Underground burst at Ogdern,
Provo, Delta, and Wendover, Utah; Klko, Nevads); and Rock Springs,
VWyoming. These were in addition to the regular network of fallout
monitoring stations that were in operation throughout the series of
tests. The data avallabtle from these spscial monitoring stations has
been published.? These records show a maximm of surface concentration
of debris at Elko, Nevada - considerably to the weat of both the tre-
Jectory at the 700-mb level (Figure 3.63) and the path of the cloud
shown by the close-in detection (Pigure 3,62). Meteorological data are
insufficient to provide a completely satisfactory explanation of the
arrival of this debris at the surface at this western location. By
inference it must be concluded that the chamneling effect of the north-
south. ridges and valleys was such that the debris was carried northward
throwch the valleys at levels below 10,000 feet, The available winds
aloft data for stations near the path that must have been taken by the
active material are given for the applicable times in Migurs 3,73.

From the time-versus-activity graph of the airborme debris at Elko,

it is apparent that radicactive material from the Undergrourd burst

was at that station within 12 hours after the detomation. This requires
& movement at the rate of approximately 20 knots, a speed somewhat
greater than the wind speeds measured at the stations nearest to the most
likely path of the dedbris, It is probable that, accompanying the
channeling effect of the mountains, there was an acceleration of the wimnd
through the valleys just as in the period when the Surface debris moved
northward.

At Provo, Utah, the data collected by the =24ir filtering
unit shows that the peak activity recorded during the observation period
occurred only four hours and forty minutes after the time of the burst,
If this activity resulted from debris from the Underground cloud, it ias
necessary that it moved at » rute of approximately 60 knots, Thir speed
is far in excess of any wind speeds obse:rved between the surface and
10,000 feet during this period. In view of these reported speeds, it

9 {bid. pp. 47-53




seema unrealistic to ascribe thia peak in the measured activity to the
Underground burst, It is more likeiy that a local shift in the wind
direction accerpanied by an ircrease in speed, perhaps a downslope
wind associated with the nocturnal cooling by rediation, caused debris
from the Surface cloud to be iifted from the surface and transported
to the monitoring station, Metecrological data are not available from
Provo so the validity of tnis supposition cannot be established.

The sacond maximum in the recorded activity at Provo
represents material which has fallen from the primery cloud which
passed over Provo at approximately 1000 GCT 30 November,

The data collected at Cgden, Utah. do not show a clear-
cut maxdimum of activity. Because ¢f the relaitively short period during
which measurements were made, it is not possible to establish the
level of background activity for this region. It is possible that the
measured variations simply represent fluctuations in the background
activity, although the broad peak between approximately 1000 and 1800
GCT 30 November probably resulted from debris from the Underground
cloud.

Rock Springs, Wyoming, and Wendover, Utah, the remaining
two stations for which data are available, showed increases in measured
activity at timee which are consistent with the available meteorological
dat.,

For greater distances from the Test Site the areas where
debris settled to the surface are shown in Appendix A (Mgures A.43-
A.ub). These areas lie to the north of the trajectory of the top of
the cloud, i,e. that part which crossed the divide, This displacement
results from the winds in the levels below 10,000 feet., Figure 3.74
shows the primary cloud trajectory at the 700-mb level during the
period from 0000 GCT 30 November 1951 through 0000 GCT 1 December 1951,
the area at the surface considered contaminated by debris from the
Underground cloud as of 1700 GCT 1 December 1951; and vectors showing
the wind travel for the 24~hour period 1200 GCT 30 November to 1200 GCT
1 December 1951, based on the avera m ¢ fa
foet at the station where the arrow originates. As this figure demon-
strates, debris waa carried by the lower level winds from the 700-mb
level to the area of detection at the surface. The "tail® of the
surface area of detection, extending to the Pacific Ocean over Nedford
and Bugene, Oregon, results from the effective downward trensport of
residual activity in the atmosphere by the heavy precipitation.

An eastward movement of the area of contamimation at
the surface was detected for ~nly four days following the Uaderground
test (Pigures A..! through A.46). Therealter, cccasionsl contamination
was detected at isolated stations, but this detection occurred during
periods of rainfall and cannot be directly attributed to the Undergrourd
cloud,
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LARK WALLIMM 23, 1-2 December 1951 - Second Part




Fig. 3,68 LARK WILLIAM 24, 2 December 1951 - mret Part
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CHAPTER 4

FALLOUT MONITORING AT THE GROUND

4l  INTRODUCTION

The distribution of rediocactivs debris at the ground, or more
particularly the distribution of debris collected by the monitoring
devices, was discussed in part in Chapter 3. There are & number of
generel cosments, however, which should be made about the techniques
and results of the fallout-monitoring progrem,

L.2 THE EFFECT OF PRECIPITATION ON GROUND CONCENTRATIONS

The fact that rain or snow can scavenge particulate debris
from the atmosphere has long been known. The measurements of
radiocactivity at the ground by the fallout-monitoring network
provide additional evidence of this phenomenon, and it is possible
Yo study the effect of precipitation on the three sampling devices,

4e2.1 Fallout Trays

The trays collect whatever debris falls in them in the
absence of rain and aiso whatever material is brought down by the
rein, Thus, the tray measurements are especially sensitive to rein-
out. This is readily apparent from the parallelism between areas
of high activity, based primarily on data from the trays, and, of areas
of precipitation, as seen in the figures of Appendix A.

A particularly good example of this parallelism is seen
in Figures A.4 - A.)12 in connection with the movement acrcss the United
States of debris fram the third Russian burst. The first appearance
at the ground of material from this bturat occurred in the State of
Washington on 22 October 1951 (Figure A.L) and it can be seen that the
observed activity coincided almoat xactly with the precipitation
area, On the 23rd (Figure A.5) the same coincidence occurred in the
northweat, and a region cf increased activity appsared ir Illinois -
again in an area of precipitation. This same phenomenon was also
svident on the six succeeding doys, On the 23rd and 24th, the
abaence of activity over the Plains S‘ates, where no precipitation
occurred is a striking confirmation of the importance of precipitation
in bringing debris to the ground.
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There was a highly significant difference in the
activity found on the trays in periuds of no precipitation and in
periods with précipitation, About a tenfoid increase in activity wes
found to occur during periods with over 0,10 inch uf precipitation as
compared with periods having no precipdtation.

In general, the wet tray provided a fairly large area for
catching particles, and it provided a means of sampling mrecipitation
as well - thus sorving as a measurs of the redioactivity that would
reach the ground, However, for sevcral reasons, the d=zta from the
tray station were subject to errors. In the first place, if the tray
dried out - as could occur in a few hours on a dry, windy day - all
the debris which fell on the tray might not have stayed there. Also,
there is always the chance that some of the water in the tray was
spilled with a resulting diminished count. The most serious fault of
the tray, however, was that some of the sample was frequently loat as
& result of overflowing in ~ain. An overflow on the trey was designed
to collect surplus water in & two-quart jar, but rein falling on a
surface of nearly 9 aquare feet would quickly fill the overflow jar.
For example, if the tray was initially full of water it would take
only about 0.10 inch of rain to fill the jar, and there were often
large sections of the country with more than an inch of rain in a day
during the period of the tests, The observers at the weothar stnijon
often did not have time to service the trays every few hours as would
be required on certain days,

The difficulties in tending the trays amd the frequent
unreliable measurements that resulted have led to the abandonment of
the tray as a collection device for future tests,

be2,2 Qumed Paper

Like the tray, the gunmed paper collects debris actually
deposited on a horisontal surface. The characteristics of the gummed
paper are not fully known. For example, the effect of temperature
and humidity on the stickiness has not been investigated., At low
tempereture the surface may not hold all of the particles that strike
it, Snow may cover the paper and prevent the adhesive qualities from
acting effectively. Also, the amount of debris carried away in rain-
water which runs or spatters off the surface is not known.

Preliminary studies of data from several stations
equipped with both tray and gumed paper have shown that there was
a significant positi—s correlation between the activity collected
by the tray and by the gummed paper; that on the average the gummed
paper was a more efficient collector than the *ray, and, further,
that in periods of precipitation the gummed paper indicated proportion-
ately higher activity than the trays.
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As a result of its greater collecting efficiency and
simpler operation, the gummed paper has been chosen as the measuring
device for radioactivity deposited on a horisontal surface in future
tests.

5.2.3  Ar Mlter

The air filter collects particles suspended in, or falling
through, the air rether than those deposited on a horisontal surface
and hence would be expscted to give different results. The air-filtering
device was sheltered so that snow or reirdrops normally did not impinge
upon the filter; debris contained in the precipitation was thus not
collected,®

A comparison of concentrations reported by air-filter
stations showed that there was « statistically insignificant variation
between periods of precipitation and no precipitation. In the cases
studied, the precipitation was of the widespread, warm-fromtal type
rather than of the shower or thunderstorm variety. These results,
when considered with the marked increase in activity measured by treys
and gummed paper in precipitation, can be interpreted as indicating
that in steady rain, at least, debris is almost entirely brought down
by the droplets rether than in the air surrounding the drops. The
effect of showery precipitation and the correspondingly greater vertical
mctions of the air on air filter measurements remains to be detemmined,

4.3  VARIABILITY OF RADIOACTIVITY MEASURED AT THE GROUND

A cursory inspection of the results of the fallout-monitoring
program contained in Appendix A reveals large variations in reported
activity from station to station, It is important to know what causes
such variations.

4.3, Qooervatioys by Jame Hethod

In addition to the variation from station to station during
a given period, there are great fluctuations with time of cbservations
of the same type at a particular station. Even when two treys were
placed side by side, they often gave very different results during the

# Occasiomally, in heavy rain, the water did get to the filter, in
which cases the filter frequently burst and the sample was lost,
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sane poriod.lo The greatest variations are associated with precinitation
but significent anomalous variations occur even orn days without precipi-
tation. Several causes for these anomalies can be suggested. Slight
differences in exposure, for exsmple, height above the growd, nature

of the local terrain, or proximity to obstructions which might prodwce
local eddies, could have a marked effect on the amount of debris ccllected,
The deposition of a few very active particles might also affect one

sample and not the other. The care in handling “he collecting equipment,
especially the trays, is also important. The local wind speed and
direction can also cause one station to receive much higher concentratioas
than nearby stations as, for instance, when debris once deposited on the
ground is redeposited by local wind action.

Before the variability can be completely understood, work
must be done to determine the emact effects of exposurse, microturbulence,
and the local wind field.

43.2  Qoesrvetions Yy Different Equipment

8till greater confusion in the interpretation of measure-
aets of ground contomimation results from the very different results
obtained by two smmpling methods which are supposed to measure the
sy quantity. The tray and gusmed paper ssmples were correlated, ﬁ
be sure, but the scattur around the regression line was very large.
The tray and the air filter, of course, do not measure the same quantity,
but would v expected to show parallel results. Yet many times, even
in the absence of precipitation, these two devices indicate opposite
trends in tue activity.

The specific causes of such anamalous behavior will not
be known until the various effects involved are better understood.

4+3.3  The Significance of the Yerjabillty
The great variability in the reported groumd concentratioms
of rediocac*ivity ir both time and spaze is dus both to real differences

4~ traaspo-t and to fictitious differencis introluced by sampling
procedures, Tra uncertainty in thea emmpling rrolielurss steme from two

10 {pid, Page 69 and Appendix M
U o1, ges 0, T
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sources: first, the difficulty in making the observations carefully
and, second, the variable collection efficiency under various atmos-
pheric comditions, While it is true that the data from the trays and
gumed paper are measures of the activi‘y falling to the groumd,
there 1 no way of knowing what the exact relationship might be,

Tha uncertainty in the reliadility and meaning of the trey and gusmed
paper results precludes any satisfactory quantitative fallout or
reinout study at this time,

4eb  EXTRENES OF GROUND CONTANINATION

Even with the many observations at the ground and from aircreft
during the BUSTER and JANGLE teate, it was .ot possible to come to
any definite conclusian as to the contaminations to be expected under
given conditions and at specified distences from the origin of the
burst. However, the observed concentrations at the ground geve a
rough idea as to vhat maximum concentrations might occur under test
conditions similar to those of BUSIER and JANGLE.

boh.l  Extreme Alr Flltey Neasuremente

The dighest air-filter msasurements ocutside the test
ares, yp to & x 10° d/m/meter, were, logically enough, at Rlko,
Nevada®* only 200 miles from the Site. Thess remulted from the
JAIGLE bursts, which did not distribute their debdris to great heights
as did the larger weapons, BRast of the mountains, high valusa were
found by the mobile nonuggmg teans in Texas approximately 800
d/m/meter] on 5 November.!) The highest valus along_the 8ith meridian
was that at Cincinnati on 1 November - 570 d/m/meter’.

These axtreme values are of the same order of magnitude
as the higher counta observed with aircraft filters.

Lebo2  Extrome Depoelted Aciiwity

The highost activity, 360,000 d/m/foot</day, observed by
tray or gusmed paper waa that of the tray at Rochester on 1 November,
Moreover, Rochester had the greatest cumulative amount of any station.

12 jbid, Mg 10
13 jhid, Appendix B
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There is a reasonable explanation for the high activity occurrirg in
this part of the country. Several of the clouds from the burst
passed over the Northeast during persistent rains there. Rochester
4s very favorebly located to receive frequent precipitation, with
large lakes both tn the north and west, and large quantities of rein
and enow fell there during the period of the tests. This does not
e<plain, however, why Rochester had so much more redioactivity than,
oy, Cleveland or Binghsmton., The explanation of this ia not knowm.
Ooe ocan only suppose that such effects as exposure, local winds, and
in particular the care with which the ssmples were collected, were
favoreble for high counts,

4.4.3 Naximum Pompible Hamerd

The maxisum possible deposition of redioactivity at
the ground is a function of the quantity and aature of rediocactivity
in the cloud, the vertical distribution of the dedbris, the amount of
diffusion, and the effectiveness of the mode of downwari treansport.
It has been shovn that rain is exceedingly effective is & mweans of
producing the dowmmard trensport, One may, therefore, conceive of &
comtination of conditions which would readily create dangercus
activity at the ground, For example, rain which occurs in and >ver
& nvly formed atomic cloud might wash down a very large fraction of
the debris to the ground and produce * major hasard.

A second potential source of high rediocactivity at the
ground, ons that has received little attention, is a low-level
aloud which reaches an inhabited ares before adequate dilution takes
place. The ‘relatively high activity at Elko, Nevada, following the
Surface and Underground bursts iilustretes the potential of such low-
level trensport. If all the active debris were beneath a strong
temperature reion through which little diffusion is possible,
one might surprisingly high values at points remote from the
Bite, It would be worthwhile to track the lower portions of clouds
to aacertain more properly th. degree of activity at these clevations.

While the tssts carried out at Nevada have not produced
any seriocus hasard at places removed fram the Site area, these bursts
have occurred under conditions selected to prevent such msard, It
is felt that much caution should continue to be axercised in the future
since evidence collected during BUSTER and JANGLE indicates & potential

danger.
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CHAPTER 5

CONCLUSIONS AND REC DA

5.1 DETECTION OF FORGIQN EXPLOSIOMS

The studies of the BUSTER and JANGLE opsretions have brought to
light several important factors which may affect the opersting
procedures of the 1009th Spescial Weapons Squadron for detecting amd
collecting debris from foreign atomic explosions.

5.1.1  Dpifficulties in Detecting Certaln Radloactive Clouds

All debris at 25,000 fest from the Dog burst passed the
84th meridian during a psriod of no wore than 10 hours, and even at
the 500-mb level the time for passage of debris was probably less
thaa 20 hours. This means that routine 500-mb flights at 48~ or even
24-hour intervals could well fail to detect such a cloud at a distance
of 1500 nautical miles from the source of the burst, 3Since this cloud
was associated with relatively strong winds which axhibited little
directional shear, it may be advisable to schedule more frequent
flights during such meteorological conditions if a detomation is
suspected,

In general, flights as close as possible to a suspected
foreign teat aite are preferable if prompt detection and large young
samples of debris are desired but it is adrisable to back up such
operations with routine flights at greater distances fram the suspected
source. This would allow opportunity for greater elongetion, lateral
spread, and ver'lical extenaion of the cloud, thercby increasing the
probability of detectior.

5.1.2  Forecapting the Movement of Clouds

Another significant point is the lack of success of
meteorological forecasts of cloud trejectories under some circumstances,
Even over & region with relatively dense, reliable and pramptly
available upper-air meteorological data, it is not always possidle
to accuratealy forecast the path of the debris.

A notadble example was JARGLE Underground (3.7.3). In
an attempt to dalineate the cloud rather than to insure detection,

110




four flights were scheduled, each to make several traverses acruvss the
expscted path of the debris. The original forecast was in error, and
the cloud passed to the north of the ares covered by the deteciion
flights, Had a maximum range flight becn dispatched from Rotdno Alr
Force Base toward the north, the cloud might have been intercepled.
This case points out the hasard of restricting detection operstions
to & mmall area on the basis of meteorclogical forecasts. Flights
should be planned with a sufficient margin in their coverege to allow
for crusiderabtle meteorological error.

5.1.5 Idsgtificaticn of Debris

The experience with Baker and Jharlie demonstrated
the difficulties which may be encoumered in distinguishing,
meteorologioally, dedris from a series of consecutive bdursts, even
though separated by one o more days in time, Although Baker and
Charlie were detonated two days apart, debris from tho two clouds
arrived at the 84th meridian within 12 hours of each other, since
the Charlie cloud attained a higher alti®ude, was carried by faster
winds, and took a wore direct path Lo the flight line than the Baker
dedris.

This uncertainty exists to an even greater extent in
connection with dedris collacted by the surface monitoring network.
Although this network is cspable of collecting large quantities of
debris from the bursts, the associstion of a sample obtained at the
gound with a particular burst frequently is not possible. This
resulte from the fact that material from successive bursts, moving
in different wind fields, can become mixed by the procssses of
diffusion, fallout, ard precipitatior.

S.l.b Opepetional Facilities

When special aircraft flights are contemplated for the
precise delineation or a -loud of deol..>, particularly whan the
timing of the flights is critical, it is advantageous to have the
meteorological office from which trajectory forecasts are to be made,
located at the airbase fron whicr the flights are to be made. Such
an arrangement eliminates tae unaveiduble communication delays
and permits a more repid alteration of plans when additional meteoro-
logical information is ruceived,
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5.2 GROUND CONTAMINATICN

52,1 The Effect of Precipitation on Syrface Contamination

Precipitation is the dominant cause of deposition of
high concentrations of redioactive lebris on the ground away from
the test area, A real hasard to pesrsonnel might exist as much as
several hundred miies from the site of a burst if rein occurred in
the region of most conceatrated radioactivity.

By far the greater part of the debris deposited by
precipitation during the BUSTER and JANGLE tests wa: carried devmward
in reindrops. Whether the debris came primarily frow the cloud layer
where the raindrops originated, or whether it was collected from the
a1r through which the rain fell, has still to be determined. Concen-
trations in the ajr at the surfacs were not changed significantly
during periods of rain. This effect should be investigeted not only
in genersl rain areas but also in showery typss of rein, which occur
more frequently in spring and sumer,

5.2,2  Varlability of Meagyred Concentreticns

Variations in the measured concentrations at the
ground were large and frequent, and in many cases could not be
adequately sxplained, Consequently, the exact meaning of the results
of the surface-monitoring progrem is not known. Research should be
undertaken to determine what specific meteoroclogical and other
factors causs thess variations.

5.2,3 Sheaneling of Low-level Rebris

The channeling of the cloud by the torrein near the
Test Site wvas very effective, as shown by the high counts msasured
at Klko, Nevada, after both JANGLE burats. Under certain conditions,
even higher concontrations might exist through a lays: several
thousand feet thick and, with precipitation, could produce a real
hasard tc personnel on the ground. For future tests it is recommended
that the lower part of the cloud, which might be channeled by the
terrain, be trecked and that the thickness of this portion of the
cloud be detamained, in order that the possibility of hasard to
personnsl may be evaluated, Additional wvind observations should be
obtained in those regions “ear the site where no peruanent stations
exiat and through which the debris may be channeled,




APFENDIX A

DATA FROM THE FALLOUT-MONITORING NETWORK

This appendix gives the data ocbtained from the fallout-monitoring
network established by the Mew York Operetione Office of the AEC.
The gensral nature of the network and the sampling techniques were
presented in Chapter 2 of the basic report and are also covered in
the report of the Mew York Opsrations Office.l Locations of the
stations are given in Figure A.l, along with the midtime (GCT) of the
sampling period at each station and the model used in recording the
data on the maps,

The beginning time of the sampling periocd was determined largaly
by the work load at each station and hence differed from station to
station. At any ons station, however, the sampling period began at
about the same time each day. All samples which included 1800 GCT
on & 7Aven date are recorded on the map for that date,

The mmount of precipitation which occurred d t
Beriod is given,.in inches, below the station circle. These precipi-
tation amounts were cbtained in most cases from the STATION METEQRO-
LOGICAL SUMMARY (Weather Bureau Form 1001 C). Generally these forms
give the hourly amournts of precipitation, so that the amount which
fell in any 24-hour period could be approximated closely. In some
cases the amounts recorded are for a different Weather Bureau station
in the ssms city, or were cbtainsd fror the six-hourly surface obser-
vations. Snow has been reduced to its water equivalent.

The shading shows areas wheres 0.0l inch of precipitation or more
oocurred during the sampling period. Between the sampling stations
the areas are only approximate,

The redioclogical data ais essentially those included in Appendix
A of the Mew York Operations Office report (distribution of this
appendix is very limited) except that samples extending over two or
more days have been amitted, For 22 October and succeeding days, all
dats were extrapolated to t'w sampling dste bty the New York Operations

1 g,8. Atoaic Eerg- Camission, New York Operations Office,
> [*] d JANGX:

Bagioastive Debris f{rox Operetions BUSTER and JANGLR
mmwmmwm M0-1576,
28 Jan 1952
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Office, on the basis of an assumed rate of decay and the particular
burui !ll\.‘d to have been represented. The rate of decay asmumed

( t7*°“ ) 1s only approxinate; and, more significant, the meteorological
antlysis indicated that debris had been attributed to the wrong burst in
sany cases. A3 a result, the axtrepolated concentraticas recorded are
often in error by as much as a factor of two, Considering the great
wvariability of the concentretions, this ie an insignificant error.

The isclines show the approximate aress of contamiration throughout
the United Nates. The and s0lid lines represent, respectiwely,
the 100 and 1,000 d/m/foct</day concentrations from the treys, but were
also drawm for the roughly equivalent valuee from the gummed paper - 400
and 3,500 d/n/foot2/day - where the tray values seemed unrepresentative.
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ARMY ACTIVITIES

Asst, Chief of Stari, u=4, Departnent of the Army, Washington 25,
D, C, ATIN: Research and Develepment Division

Chief, Army Field Foroes, Fart Mooroe, Va,

Directar, Operations Research Qffi.c, 6410 Comnecticnt Awe,, Chevy

Chase, M3,
NAVY ACTIVITISS

Chief of Naval Cbu-ati;u, Department ol the Mavy, Washingtom 25,
D, C, ATTN:

Chief, Naval Research, Departmsnt of the Navy, Weshingtom 25, D, C,

Divector, U, S, Favel Research Labaratory, Washingtom 25, D, C,

AR FRCE ASTIVITIES

General, Air Research and Develomsnt Command, P,0, Bax

1395, Daltimore 3, M3, g
Commar.iing General, 1009th Special Weapons Squadrom, 1712 G St, W,

Weshington 25, D, C, 9-65
Assistant rfor Atomic Enargy, Hesdquarters, United States Air Faroe,

Washington 25, D, C,
Director of Ressarch and Develoment, Headquartera, United States

Air Faroe, ashington 25, D, C, 67

AFSWP ACTIVITTES

=3 Cv\N

Chief, Armed Foreces Special Weapons Project, P,0, Bax 2610,

oa 13, D, C, 68-76
Commarding General, Fiold Command, Armed Forces Special Weapons
Project, F,0, Bax 5100, Altaquerque, N, Mex, =19
Commnding Officer, Test Command, Armed Forcos Special Weapons
Project, I, 3, Buox 5600, Albuquarque, N, ‘fax, 80-82
OTHER ACTIVITIES
Weapon Test Reporis Growp, TS 83
Surplus in TISGR for AFSWP 84~304
3
SECRET
Sacartty intermabon ARC, Osh Ridye, Toan. , W17340




Defense Special Weapons Agency
6801 Telegraph Road
Alexandria, Virginia 22310-3398

h
AN

ENT _OF
gﬁ%ﬁﬁ%

TRC 21 August 1997

MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER
ATTENTION: OMI/Mr. William Bush

SUBJECT: Declassification of AD-356275L and Withdrawal of
AD-B951736

The Defense Special Weapons Agency Security Office (OPSSI)
has reviewed and declassified the following report:

AD-356275L (WT-308)

Operation Buster, Nevada Proving Grounds, October -
November 1951, Project 7.1, Transport of Radiocactive
Debris From Operations Buster and Jangle.

Distribution statement "A" (approved for public release)
now applies.

Since AD-356275L is now declassified and approved for public
release, this office requests the extracted Versiqgj(AD—B9517367\\\
WT-308-EX) be destroyed because it is no longer %pplicable."f“*~“’ -
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